The principal job of the immune system is to provide protection against infectious pathogens. One of the immunologist\'s goals is to determine how the cellular and cytokine components of the immune system are functionally organized to provide this protection. In vitro studies can suggest which components of the immune system may be involved in resistance to a given pathogen, but ultimately the immunologist must look in vivo to see whether these components truly contribute to protection. In recent years, this task has been made easier by the advent of gene knockout mice and antibodies that can be used to selectively deplete or neutralize components of interest from infected experimental animals so that the consequences of a missing entity can be observed. A more demanding task has been to identify where and under what circumstances an entity that may be important in host protection performs its functions. Reis e Sousa et al. take on this task in a study published in this issue of this journal ([@B1]). They show that dendritic cells in spleen are the key initial producers of IL-12 in response to *Toxoplasma gondii* antigens or LPS. Their demonstration that macrophages are not significant sources of IL-12 in the in vivo setting they describe is quite surprising, because other studies have shown that activated macrophages are excellent producers of IL-12 in vitro in response to *T. gondii* antigens. In this commentary, we discuss how these findings may relate to innate and acquired pathways of resistance to *Toxoplasma.*

Pathogenesis of T. gondii Infection and Components of Innate and Acquired Resistance.
=====================================================================================

*T. gondii* is a widespread protozoan parasite found in nature encysted in infected animal tissue or as oocysts in feces of infected cats, the definitive host. Infections are initiated when tissue cysts or oocysts are eaten. Rapidly dividing single-cell forms of the parasites (tachyzoites) develop after emergence from cysts in intestine and infect gut cells by active penetration. In fact, tachyzoites can probably infect any nucleated mammalian or avian cell. Within a few days to a week in experimentally infected mice, tachyzoites can be found in Peyer\'s patches, spleen, and mesenteric lymph nodes, and have also spread to nonlymphoid tissues, such as liver, lung, and brain ([@B2], [@B3]). The difficulty in detecting parasites in the blood, except by sensitive PCR-based techniques ([@B4]), suggests that the early spread of tachyzoites may be predominantly via lymphatics ([@B3]). This early tachyzoite proliferation and dissemination defines the acute phase of infection. With time, fewer tachyzoites are found in most infected tissues, and cysts appear that contain the quiescent bradyzoite form of the parasite ([@B2]). Cysts are particularly evident in the brain. The appearance of cysts marks the onset of the chronic phase of infection, which probably persists for the life of the host.

*Toxoplasma* infections in immunocompetent humans and in many strains of mice are largely asymptomatic ([@B5]). However, it is clear that this depends on intact host-resistance mechanisms. Antibody depletion studies and studies with gene knockout mice have identified a number of essential components of resistance during the acute phase of infection. Unlike control mice, mice depleted of IFN-γ ([@B6]), TNF-α ([@B7]), or IL-12 ([@B8]--[@B10]) die quite soon after inoculation of parasites. So, too, do mice depleted of Thy-1^+^ non-CD4^+^ or -CD8^+^ cells (most of which are NK cells; reference [@B11]), neutrophils ([@B12]), and mice treated with antibody against CR3 ([@B13]). In vitro experiments have revealed interconnections between some of the essential components of resistance. IL-12, produced by activated macrophages, along with TNF-α, induces NK cells to produce IFN-γ ([@B14], [@B15]), and IFN-γ plus TNF-α can activate anti-*Toxoplasma* activity in macrophages ([@B15]--[@B17]). However, it is clear that neither CD4^+^ nor CD8^+^ T cells are necessary for mice to survive acute toxoplasmosis ([@B11], [@B18], [@B19]).

In contrast to acute infection, survival of chronic *Toxoplasma* infection and resistance to a rechallenge infection clearly depends on acquired cell-mediated immunity, in which CD8^+^ T cells and IFN-γ play major roles ([@B20]--[@B24]). Thus, acquired immunity to *T. gondii* exhibits the characteristics associated with a Th1-type response. Despite the advances that have been made in identifying important components of innate and acquired resistance to *T. gondii*, we still have only a sketchy understanding of how these components are functionally orchestrated to provide resistance during acute and chronic infection with this parasite. However, there can be little doubt that production of IL-12 is a crucial early event in the generation of both innate and acquired resistance mechanisms after oral administration of cysts in experimental animal models.

Dendritic Cells May Be the Key Source of IL-12 in the Initiation of Response to T. gondii Antigen.
==================================================================================================

The striking dependence on both innate resistance mechanisms during the acute phase of infection and on T cell--dependent acquired immunity during the chronic phase makes *Toxoplasma* an especially attractive and useful pathogen with which to reveal the workings of host resistance. Thus it is understandable that Reis e Sousa et al. have used *Toxoplasma* antigens to study events that may be important to initiation of both innate and acquired resistance mechanisms ([@B1]). They have found that dendritic cells, not macrophages, are the first cells to make IL-12 in the spleens of mice given soluble *Toxoplasma* antigen or LPS intravenously. This is surprising in that macrophages have been assumed, on the basis of the in vitro studies cited above, to be a primary source of IL-12. Reis e Sousa et al. also show that after administration of *Toxoplasma* antigens, dendritic cells increase in number, redistribute to T cell areas of the spleen, and express markers characteristic of interdigitating dendritic cells. Moreover, they show, using IFN-γ knockout mice, that the production of IL-12p40 by spleen cells and IL-12p40 expression by dendritic cells (based on in vivo staining) does not require IFN-γ. Furthermore, by the use of CD40L knockout mice and SCID mice, it was found that IL12p40 production does not depend on activation by T cells that express CD40L.

On the basis of these findings, Reis e Sousa et al. propose that dendritic cells, not macrophages, are the key initiators of innate responses as well as dictators of the response class (Th1 versus Th2) of cells expressing acquired immunity. Underlying this proposal are the indications that macrophages may not be able to produce IL-12 in response to microbial antigens unless previously activated ([@B25]), an observation confirmed for splenic macrophages in Reis e Sousa et al. Also, dendritic cells, but not macrophages, are efficient transporters of antigen from infected tissue sites to the T cell areas of draining lymph nodes ([@B26]), where potentially responsive naive T cells are located. How might this proposal translate into specifics in regard to initiation of innate and acquired immunity following ingestion of infective *T. gondii* cysts by the natural peroral route?

Interface between Host Cells and Toxoplasma in the Gut.
=======================================================

As mentioned above, *Toxoplasma* infections are ordinarily acquired by ingestion of cysts. Therefore, it is most relevant to consider events that may be happening locally in the gut and associated lymphoid tissue. Unfortunately, in the case of primary *Toxoplasma* infection, we have little detailed information regarding which sites are the first to be infected and where pathogen-responsive host cells first encounter parasite antigens. We know that *T. gondii* tachyzoites can be found in Peyer\'s patches within a day or two after cysts are fed to experimental mice ([@B2], [@B3]), but we don\'t know whether the predominant entrance pathway of tachyzoites from the gut is into Peyer\'s patches via M cells ([@B27]), or via direct infection of nonlymphoid mucosal cells. Furthermore, we don\'t know which of several *T. gondii* antigens that have been identified may be most important in stimulating innate protective mechanisms or in initiating lymphocyte-dependent acquired immunity.

If *T. gondii* enters the host predominantly via Peyer\'s patches through M cells, it is likely that dendritic cells are involved in the initial presentation of antigens to T cells, since Peyer\'s patches are rich in dendritic cells but relatively poor in macrophages ([@B28]--[@B30]). If, on the other hand, tachyzoites invade other gut sites, dendritic cells in gut epithelia and in lamina propria may acquire *T. gondii* antigens and thence traffic to mesenteric lymph nodes to stimulate T cells ([@B31], [@B32]). If *Toxoplasma* reach the lamina propria, then macrophages may be among the first antigen-presenting cells they encounter, since the lamina propria is rich in macrophages but relatively poor in dendritic cells ([@B30]). However, lamina propria T cells exhibit characteristics indicative of prior activation ([@B28]), and macrophages may not be efficient at priming naive T cells. Furthermore, macrophages, unlike dendritic cells, are not likely to traffic from lamina propria to lymph nodes where naive T cells are located. Thus, the initial activation of naive T cells probably occurs either in Peyer\'s patches after stimulation by dendritic cells, or in mesenteric nodes, rather than in the lamina propria after stimulation by macrophages. Of course, dendritic cells, having acquired antigens from *T. gondii* in Peyer\'s patches, may then traffic to mesenteric lymph nodes for stimulation of naive T cells. Therefore, it seems most likely that dendritic cells are the initiators of responses from naive T cells in Peyer\'s patches or mesenteric nodes, in mice orally infected with *T. gondii.* This is the scenario that would seem to be favored by the findings of Reis e Sousa et al. ([@B1]). The principal role for macrophages in this scenario would then be to restimulate already activated T cells in the lamina propria, and other sites for that matter. Restimulated T cells would thus provide activation signals necessary for macrophages to carry out effector functions against parasites that may have invaded at sites other than Peyer\'s patches or have spread to distant sites.

What about NK cell--dependent innate resistance? Although NK cells can be found in uninfected rodent Peyer\'s patches and lamina propria, their numbers may be limited in those sites. In contrast, NK cells are more abundant in spleen and blood. Since spleen, along with Peyer\'s patches, is one of the earliest sites at which *Toxoplasma* tachyzoites can be detected after oral infection of mice, it is probable that much of the initial *Toxoplasma*-induced, IL-12--dependent activation of NK cells takes place in the spleen. Activated NK cells would then traffic, via blood, to local sites of infection, where they could become further stimulated by IL-12--producing macrophages to produce protective IFN-γ, as suggested ([@B1]). This model is consistent with what we have found regarding temporal kinetics of accumulation of NK cells and NK cell--dependent IFN-γ production at a primary site of infection in the peritoneal cavity ([@B11]). Significant accumulation of NK cells and IFN-γ production does not occur until about day 3 after intraperitoneal inoculation of *T. gondii* cysts, which is later than the first appearance of tachyzoites in the spleen ([@B3]). These kinetics are compatible with the notion that NK cells may be immigrants into the infection site after initial activation elsewhere. Certainly, the diminished numbers of NK cells in peritoneal cavitites of *Toxoplasma*-infected mice treated with anti-CR3 antibody ([@B13]), which inhibits the recruitment of CR3-expressing cells such as NK cells into inflamed sites ([@B33]), is consistent with this possibility.

Important Questions to be Answered.
===================================

There is no doubt that much remains to be learned before we can confidently conclude that dendritic cells are the first producers of IL-12 in *T. gondii* infections in vivo, and that dendritic cells, rather than tissue macrophages, are the cells most instrumental in initiating innate NK cell--dependent and T cell responses to *Toxoplasma.* For example, IL-12--dependent mechanisms may be bypassed altogether, as suggested by a report that the ts-4 vaccine strain of *T. gondii*, which is an excellent inducer of protective T cell--dependent immunity, may nonetheless elicit IFN-γ in vivo by an IL-12--independent, as well as an IL-12--dependent, pathway ([@B34]). It seems clear that detailed studies of early events occuring locally in intestines and associated lymphoid tissue, as well as in spleen, after oral administration of *Toxoplasma* cysts are needed to answer key questions regarding initiation of host-protective responses to this parasite. At which sites do parasites first enter host tissue? Where are dendritic cells, macrophages, and natural killer cells localized in relation to initial infection sites? Where and when do these host cells first express cytokines indicating that they are responding to the parasite? Are they responding to the intact parasite itself or to one or more antigens secreted by the parasites? What is the relative importance of responses that occur in the Peyer\'s patches versus mesenteric lymph nodes versus spleen for the generation of innate responses or acquired immunity? Are dendritic cells and the IL-12 they make involved in protection of chronically infected mice which ingest more cysts? These are just a few of the questions that could profitably be addressed using the highly informative *Toxoplasma* oral infection model.
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